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Abstract 
The city of Niterói is the former capital of the state of Rio de Janeiro. In 2013, the municipal administration recognised that transport 
trends were not sustainable and that the existing policy framework seemed unlikely to move society towards more sustainable 
transport and mobility. A new approach was required for public policies related to land use and transport that would be consistent 
with the broad definition of sustainable development. Therefore, the ‘backcasting’ method was used to develop policies and 
strategies to achieve the desired performance targets. 
 
© 2015 The Authors. Published by Elsevier B. V. 
Selection and peer-review under responsibility of Association for European Transport. 
Keywords: backcasting; sustainable mobility; land use planning; developing countries. 
1. Introduction 
The city of Niterói is the second wealthiest city in the Rio de Janeiro metropolitan area and is the former capital of 
the state of Rio de Janeiro. After construction of the Rio-Niterói Bridge, Niterói and other municipalities on the 
Metropolitan East Side experienced intense urbanisation in the form of car-based suburbs. At present, this trend has 
forced these municipalities to address transport-related challenges, such as increasing motorisation, vehicle-kilometres 
travelled (VKT), and traffic congestion. These changes increase greenhouse gas (GHG) emissions and commuting 
time, amongst other urban diseconomies. 
In 2013, the Niterói municipal administration recognised that transport trends were not sustainable and that existing 
policy frameworks appeared unlikely to move society towards more sustainable transport and mobility. A new 
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approach was required for public policies related to land use and transport that would be consistent with the broad 
definition of sustainable development. In Brazil, transport planning has traditionally been a field of traffic engineers 
and modellers who focus on quantitative modelling and forecasting, although in practice transport planning grapples 
with different types of uncertainties, especially those related to travel behaviour and mode share. 
Forecast methodologies are based on extrapolating past or current trends into a forthcoming stage, which creates 
conventional future images based on a worsened state that extends the timeline from the past into the future (Herce, 
2009; Hickman and Banister, 2014). Problems also arise from the lack of historical data, the use of different contextual 
data (e.g., proxies or data with different levels of disaggregation), and informality. Due to social inequality, Brazil has 
a significant number of unregistered or undeclared dwellings and jobs in the urban informal sector. Even official data 
might lack adequate registration information, including information relating to formal jobs. For instance, a spatial job 
concentration can be detected in a region (e.g., a cluster of headquarters that represents corporations’ registry 
addresses), but the activity actually takes place in a different part of the city (e.g., suburban factories where employees 
really work). The data needed to determine a high-quality origin–destination (OD) matrix is not accurate enough to be 
useful. 
Due to these problems, forecasting methods can be very unreliable, especially in long-term planning. Furthermore, 
forecasting approaches are not suited to situations where trend breaks are required, such as the shift towards the 
sustainable mobility agenda (Hickman and Banister, 2014). Therefore, a new planning package has been initiated to 
define performance criteria and planning goals, in which the ‘backcasting’ method has been used to develop policies 
and strategies to achieve the desired targets. This study documents the current planning results, which have involved 
public participation mechanisms. 
2. Relation with urban form 
2.1. Urbanisation background 
The process of urbanisation, i.e., the global shift from primarily rural to more urban societies, is increasing at an 
unprecedented rate and scale (UN DESA, 2014). Urbanisation includes processes that involve transitions and 
demographic (Dorélien et al., 2013), economic (Davis and Henderson, 2003), and/or physical transformations in the 
landscape (Seto et al., 2011). Between 1950 and 2014, the world’s urban population increased from 746 million to 3.9 
billion. Continued population growth and urbanisation are projected to add 2.5 billion people to the world’s urban 
population by 2050 (UN DESA, 2014). Most of Latin America’s medium and large cities have experienced rapid 
growth over the past few decades. A pervasive spatial expansion has been observed, in which most cities expand at 
rapid rates and exhibit lower population densities (Inostroza et al., 2013). This expansion has a direct impact on 
mobility patterns, and Brazil tends to be the most car-oriented country among the BRICs with a potential long-term 
level of automobility that falls between that of Germany and Australia (Kuhnimhof et al., 2013). 
When well integrated with transport investment, urban planning is critical in terms of permitting greater usage of 
public transport, creating an environment that is conducive for pedestrians and cyclists, favouring more localised trip 
patterns (Hickman et al., 2013), and fostering the development of social sustainability (Kamruzzaman et al., 2014). 
The United Nations Human Settlements Programme (UN-Habitat) shows that more sustainable transport options are 
part of the urban sustainability agenda. For the first time, human settlements and urban areas are specifically addressed 
in an accepted chapter of the Assessment Report (AR) of the Intergovernmental Panel on Climate Change (IPCC). 
Based on the fifth version of the assessment (AR5), high-confidence evidence demonstrates that both short- and long-
term transport mitigation strategies are essential to realise substantial GHG reductions. These measures could 
overcome barriers to low-carbon transport options and help avoid future lock-in effects that result, for example, from 
the slow turnover of vehicle stock and infrastructure and the expanding urban sprawl. 
This approach attempts to balance transport supply and demand and to combine sustainable practices with high-
quality transport accessibility in a way that substantially reduces the environmental impact that is associated with car-
based suburban development (Herce, 2009; Cervero and Sullivan, 2011; Santos et al., 2013). Therefore, transportation 
and land use planning must change to address the provision of a transport infrastructure that incorporates a land 
occupation model that integrates urban space and activity locations. The aim is to shorten the distances travelled by 
car and to reduce urban sprawl, the need to travel in cities, energy consumption, VKT, GHG emissions (Banister, 
7 Jose Renato Barandier Jr /  Transportation Research Procedia  8 ( 2015 )  5 – 16 
2011), and the social costs of transport (Lucas, 2012). These changes should also encourage shorter commutes and 
increase connectivity, which will lead to a greater variety of available transport modes (Cervero and Kockelman, 1997; 
Banister, 2011). 
2.2. Key variables for sustainable mobility 
UN-Habitat (2009) addresses four key urban development drivers for sustainable cities: density, land use mix, 
connectivity, and accessibility. These drivers have a direct effect on transport activity and influence transport demand 
and travel patterns. 
Urban density is one of the most powerful drivers of transport demand and travel patterns. While high urban 
densities at origins (e.g., residential uses) and destinations (e.g., non-residential uses) concentrate the demand that is 
necessary for mass transit alternatives, low urban densities increase the average commuting distance, which leads to 
higher VKT, emissions, and travel time costs (Cervero and Kockelman, 1997). Lower urban densities also represent 
low and dispersed patterns of transit demand; thus, car travel is more attractive than other modes of transportation, 
such as public transportation, walking, and cycling (Cervero, 2009). 
Land use mix influences travel distances. In general, when the diversity and integration of land use is well balanced, 
many daily trips can remain short and non-motorised (Kockelman, 1997, Cervero, 2002). However, the separation of 
land use increases the distance between origins (e.g., residential uses) and destinations (e.g., non-residential uses). As 
a result, longer travel patterns induce a higher proportion of residents to travel in personal cars compared with residents 
who live in mixed land use areas in cities (Zhou and Kockelman, 2008). 
The connectivity level of a network of streets is most important in terms of promoting walking and transit station 
accessibility, which can be easily discouraged by detours (ITDP, 2014). A system with smaller and permeable blocks 
increases the density of intersections per street and decreases the distances to particular locations; thus, convenience 
and walking are promoted (Gehl, 2010). 
Accessibility is closely related to land use mix. It can be defined as access to urban opportunities (e.g., jobs, housing, 
and services) and to people and places in cities. Accessibility can be viewed as a combination of proximity and travel 
time. Measures that increase accessibility can reduce VKT, travel time, and associated GHG emissions in the urban 
areas of developed and developing countries (Hankey and Marshall, 2010; Banister, 2011). In contrast, transport 
disadvantages reduce accessibility, which may create or reinforce poverty and social disadvantages (Lucas, 2012; 
Stanley and Lucas, 2008; Delbosc and Currie, 2011) or increase the risk of social exclusion (Stanley and Brodrick, 
2009; Barandier and Bodmer, 2013). 
Therefore, urban planning strategies can significantly promote public transport and non-motorised modes, thereby 
reducing sprawl and car dependence. Thus, GHG emissions and the social costs of transport decrease to varying 
degrees, particularly in developing and emerging countries where the most urban growth will occur.  
3. The metropolitan and municipal context 
3.1. The metropolitan region of Rio de Janeiro 
The metropolitan region of Rio de Janeiro comprises 19 municipalities and 11.8 million inhabitants (IBGE, 2010); 
it is the second largest metropolitan area in Brazil, the third largest in South America, and the 20th largest in the world. 
The majority of the metropolitan population, 6.3 million people (53%), live in the city of Rio de Janeiro; the other 5.5 
million inhabitants (47%) live in the surrounding municipalities. Until the first half of the twentieth century, the 
metropolitan area was characterised by a polycentric structure, with a dense and compact city fringe (the city of Rio), 
and a set of municipalities that were centred on the rail network (i.e., railways were to the north and west, and trams 
were to the south and east). For nearly a century, the metropolitan area was a paradigm of changes in the land use that 
were induced by structural mass transit. Of the existing 19 municipalities, 12 were developed along railway axes, and 
one, Niterói, was born of the ferry system. Figure 1 shows the 19 metropolitan municipalities, their city centres and 
the structural transport network. The city of Rio de Janeiro is the metropolitan centre, and Niterói represents a sub-
centre – the main urban centrality in the Metropolitan East Side. 
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Currently, the metropolitan region exhibits a misbalanced spatial relationship between job opportunities and 
households. Of the existing formal jobs in the metropolitan region, 30% are concentrated in Rio de Janeiro’s city 
centre, and 44% are located in the central to southern area of the city of Rio. However, these areas account for only 
11% of the metropolitan region’s population. Therefore, a concentrated commuter pattern exists between the sprawling 
suburbs and the expanding centre of Rio de Janeiro (Government of Rio de Janeiro, 2014). As presented in the 
Metropolitan Transport Master Plan, the current mode share shows a high level of public transport usage. Amongst all 
motorised trips made in the metropolitan region, 71.5%, were public transport modes, and 28.5% were private motor 
vehicles, which included cars (23.6%) and motorcycles (1.1%). Compared with many other countries, Brazil shows a 
favourable mode share. However, the results show an increasing level of motorisation compared with results in 2003. 
In 2003, 3.0 million trips were made by private car. In 2012, 3.8 million trips were made by car, which shows an 
increase of 27% over nine years. Notably, Brazilian cities have relatively low levels of car usage, which means that a 
huge potential for the car market still exists. In the metropolitan region, there are 239 cars per 1,000 people. 
 
 
Fig. 1. Structural transport network of the metropolitan region. 
3.2. Policy framework 
In Brazil, two of the three governmental levels share responsibility for urban transport policy: the state and 
municipal governments. The population of the metropolitan area comprises 73% of the population of the state of Rio 
de Janeiro and 70% of its GDP. Although this area is the state’s largest urban agglomeration and its economic core, 
land use policies are the sole responsibility of the municipalities. The landmark Brazilian Constitution of 1988 
promoted a transition away from military rule and towards full democratic status; it thus promoted democracy by 
recognising municipalities as constituting an independent level of government (Mercier et al., 2014). The metropolitan 
administration’s fragmentation is one of the major challenges to the integration of transport and land use policies, as 
there are few examples in which municipal laws align with metropolitan interests (Government of Rio de Janeiro, 
2014). In many cases, the dispersed management ultimately produces municipal laws that conflict with or even harm 
metropolitan interests, e.g., zoning conflicts and outdated parking laws.  
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3.3. The Metropolitan East Side 
Amongst the six cities that originated without structural transport, four are located in the Metropolitan East Side 
(east of Guanabara Bay): Maricá, São Gonçalo, Itaboraí, and Tanguá. These cities have experienced major population 
growth since the construction of the Rio-Niterói Bridge. ‘The Bridge’ was a landmark of transport policy for personal 
vehicles; the policy initiated a top-down institutional investment in the national cultural context of military rule in the 
second half of the twentieth century. Road access led to fast population growth in the municipalities located in the 
Metropolitan East Side. These municipalities experienced a 221% population increase between 1970 and 2010. The 
region simultaneously experienced an urban growth of 426%. In other words, urbanisation grew faster than the 
population demand. Currently, the five cities of the Metropolitan East Side account for 1.9 million inhabitants; these 
cities’ populations are growing twice as fast as those of the other municipalities, and their urban areas are also 
increasing. After ‘The Bridge’ was built, the East Side expanded, with a low population density and without structural 
transport investments. 
3.4. The Municipality of Niterói 
Niterói is a city that has a remarkable natural landscape; it offers a high quality of life for the majority of its citizens 
(Municipal Human Development Index = 0.837). The city was the capital of the state for over a century, while the city 
of Rio was the national capital; thus, it was the main urban centrality of the Metropolitan East Side. The city’s urban 
structure was compact throughout most of its history. Initially, the city was walkable near the ferry station, where the 
central area is today. Afterwards, with the expansion of the tram network to the ferry station, the city expanded in two 
directions, north and south. For a century, Niterói was a walkable and transit-friendly city, where public transport was 
the main link to the national capital. However, in the 1970s, the central area declined after the Rio-Niterói Bridge 
opened and the state capital was transferred to the city of Rio de Janeiro. Consequently, the economy and population 
of Niterói’s centre waned due to a land use model that yielded spontaneous urban sprawl. In addition to being the 
former state capital, Niterói is currently important because of two major transport infrastructures that allow the 
Metropolitan East Side municipalities to connect to the current state capital (the city of Rio de Janeiro): the Rio-Niterói 
Bridge (road only) and the ferry system. 
4. Research design 
4.1. Strategy: Backcasting and Strategic Guidelines 
Applying the concept of backcasting can support and guide planning in the face of uncertainties (Dreborg, 1996). 
The EU-POSSUM project (Banister et al., 2000) was the first project to use the backcasting approach to assess 
European transport policies. It opposed forecasting methods that cast future trends as an extrapolation of historical and 
current trends, i.e., a ‘prediction of the future’ that is achieved by projecting the present into the future. Backcasting 
is an alternative to traditional forecasting (Robinson, 1990); it ignores previous and current trends and considers the 
pathway back from a future state (Hickman and Banister, 2014). This method can be described as a strategic problem-
solving framework because it determines how to reach specified future outcomes. The approach centres on setting the 
desired future state and working to define the steps needed to attain that state.  
In contrast to forecasting methods that seek to predict the future, backcasting distinguishes between projective 
scenarios (i.e., the extrapolation of current trend results into likely future images) and prospective scenarios (i.e., 
starting points for desirable future situations) (Hickman and Banister, 2014). The main difference between these two 
scenarios is that the latter focuses on planning how desirable futures can be attained, while the former determines the 
futures that are likely to occur (Robinson, 1990). With the backcasting approach, the aim is not to determine which 
future scenarios are most likely to occur but to assist in decision making under uncertain conditions (‘indeterminacy’) 
(Dreborg, 1996), especially in the long term. The objective is to design and apply scenario planning for sustainable 
mobility in the city of Niterói by 2030 and to develop future pathways for these scenarios in order to determine the 
possibilities and opportunities for policymaking. Furthermore, scenarios were developed as a tool to provide analytical 
frameworks for policy decisions. Given multiple possible futures, decision makers can look for the most desirable 
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future rather than the most likely future (Robinson, 1988). The scenario matrix was derived from the two major driving 
forces that combine in two different directions. In this case, they will be different combinations of higher or lower 
integration with the metropolitan transport policy and the desired type of city design, either concentrating or sprawling 
the urban fabric. 
4.2. Baseline case and projections 
This step is the starting point to establish a reference scenario that reflects the continuation of present trends. Table 
1 shows the considered inputs. Niterói has 487,562 inhabitants and a car ownership ratio of 364 cars per 1,000 people; 
it is the metropolitan region’s most motorised city. The municipal population is expected to increase to 550,000 
inhabitants by 2030. The municipality is divided into 5 regions and 52 neighbourhoods, and the city centre is accessible 
by ferry. The area currently comprises 40% of the entire non-residential area and 32% of formal jobs, but it only 
comprises 4% of the population. Because of its importance in the ‘East Side’, approximately 250,000 commuters travel 
to the city centre as a destination or as a transport interchange. Three transport stations are located at Niterói’s city 
centre: the main ferry station, where 100,000 commuters circulate every day; the municipal bus terminal, with 330,000 
trips per day; and an interstate bus station. Seven universities attract 55,000 students. In total, a half million trips per 
day are destined for Niterói’s central area, and an increasing number of trips are made by car. 
Table 1. Baseline inputs. 
Metric   Data 
Population (2010)  487,562 
Administrative area 134 km² 
Urban area (1975)  24.2 km² 
Urban area (2007)  55.6 km² 
Urban density (1975) 13,400 people per km² 
Urban density (2010) 8,800 people per km² 
Car ownership  364 per 1,000 people 
Daily journeys (2011) 866,566 
Person trips per capita per day 1.78 
Niterói’s mode share (2011) 35.6% bus; 9.2% ferry; 24.3% private modes; 30.9% non-motorised. 
Car trips per dwelling unit Central area and Northern: 0.88; Praias da Baía: 1.62; Oceânica: 6.34; Pendotiba and East: 
5.19. 
Non-motorised trips per dwelling 
unit 
Central area and Northern: 3.67; Praias da Baía: 5.55; Oceânica: 0.43; Pendotiba and East: 
0.43. 
Population growth (2000-2010; %) Central area: 4.7; Northern: -2.8; Praias da Baía: 6.4; Oceânica: 23.7; Pendotiba: 14.3; East: 
2.3. 
Commuters  69% of Niterói’s population works in Niterói. 
Source: IBGE (2010), State Government (2007, 2010 and 2014); Niterói City Hall (2011); Sinergia-Halcrow-Setepla Consortium (2012).  
Following the sprawl found throughout the Metropolitan East Side, Niterói’s urban area grew 130% between the 
1970s and 2010s. Simultaneously, the population grew by 50%. Therefore, the urban area grew 2.6 times faster than 
the population. The main expansion regions, Oceânica and Pendotiba, have shown faster population growth and have 
produced 4 times as many car trips per dwelling unit as the central neighbourhoods; in these regions, commuting by 
car represents 40% of the mode share, whereas the municipal average is 24%. This expansion occurred without public 
transport investments and with very low urban density (less than 5,000 people per km2); thus, car usage, VKT, and 
commuting times increased. As a result, Niterói’s urban density decreased 34% in less than four decades, and its 
natural areas decreased from 72% to 59% in 32 years. The city expanded faster than its capacity to deploy adequate 
infrastructure, and its population is now increasingly dependent on cars. The population of the central area decreased 
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18% between 1970 and 2010. The population and economic decline materialised in the degradation of the buildings 
and urban environment. The attempt to adapt the city centre to car traffic converted 62% of the formerly walkable 
public spaces into car-based driving areas and parking spaces. The subsequent loss of urban liveability, which was 
caused by the destruction of public space diversity and walkability, resulted in the inefficient use of feeble land and 
poor-quality urban design.  
To reverse the negative impacts of car-based suburban development, the local authority is planning a municipal 
transport network for 2016. Figure 4.1 shows the future public transport network, which includes a new 9.3 km 
exclusive bus corridor (BHLS TransOceânica) and a new fleet of ferries. The aim is to provide structural public 
transport access between the Oceânica region and the Praias da Baía region to reduce car reliance and to improve the 
connection between Rio’s and Niterói’s city centres. These investments will greatly increase accessibility to Niterói’s 
central area.  
 
 
Fig. 2. Niterói transport network in 2016. 
4.3. Key trends 
In transport planning, ‘predict and provide’ might no longer be an option for public policy (Hull, 2008), yet past 
and current trends provide some important lessons in terms of what to avoid. Some key trends push future challenges 
that still need to be addressed, namely, the increasing level of motorisation and the negative impacts of higher levels 
of car usage on environmental and urban design. Thus, proactive planning is crucial not only to induce sustainable 
travel but also to avoid risking current investments in the public transport network. Table 2 points to the key trends 
that were identified in discussions with council departments and municipal secretariats, as well as over 40 public 
audiences and sectorial workshops. These trends also considered the private sector and civil society stakeholders to 
ensure the implementation of policy measures. When mapping the factors that are likely to affect travel patterns in 
Niterói and urban mobility, the existence of a high level of public participation is thus a top priority for the population. 
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In the transport field, the most important issues regarding Niterói relate to increased travel times and the quality of 
public transport service, rather than CO2 mitigation. 
Table 2. Key trends. 
Key trends Potential implications 
Population +60,000 person population growth by 2030 
Income levels Tendency towards increasing income levels 
Age profile More active population and safety issues arising from the ageing population 
Social equity Social inclusion of minority groups 
Environmental issues Seriousness given to stewardship in policymaking and implementation; improvements in environmental and 
urban quality 
Level of investment in 
public transport, walking 
and cycling 
The current municipal investment for the 2016 network: BHLS TransOceânica and buses with rapid transit, as 
well as the new tram line feasibility study; the metropolitan investments for 2018: the new ferry fleet and new 
monorail line 
Metropolitan transport 
policy 
Lack of local urban policies, which are currently uncoordinated with metropolitan frameworks and neglect 
investment in transport infrastructure 
Extent of urban sprawl Land use and construction, which yields spontaneous urban sprawl, is unable to promote non-motorised modes 
Urban design quality Loss of urban liveability caused by the destruction of public space diversity and walkability 
Real estate production 87% of the real estate production is residential 
Levels of funding Limited public financial resources and the absence of effective implementation and financing mechanisms to 
execute needed policies and programs 
Real estate market Possibility of value capture and market-based financing instruments 
Travel times Increased commuting time is the #1 concern related to urban mobility  
Continuing extent of car 
dependency 
Public transport’s level of service and lack of proximity induce car dependency  
 
Other significant concerns were the city’s rapid growth and the lack of planning for the increased urbanisation, 
what require large investments in public infrastructure due to rapid urban population growth at a moment when 
governmental administrations face declines in revenue from traditional sources. Still, using value capture instruments 
as a source of public revenue has been increasing in importance internationally. Public actions, such as investments in 
infrastructure, the provision of public services, and planning and land use regulation, can affect the value of land and 
property (Ingram and Hong, 2012). Privately funded improvements by landowners or investors can also increase the 
value of their lands and properties. 
Lastly, it was observed that the majority of the participating public has difficulty differentiating the concepts of 
sprawl and densification, such that common sense works against higher density proposals. According to workshops 
and public audiences, the densification of some neighbourhoods was mistakenly believed to be the main cause of the 
problems related to urban mobility and negative environmental impacts. This cultural aspect, or even lack of 
information, leads to an aversion to higher urban density proposals. 
5. Developing scenarios 
The key trends have impacts not only on the environment but also on social and economic fields. Figure 3 illustrates 
the scenario matrix that is derived from the two major driving forces. Metropolitan transport policy integration and 
city design integration were chosen as the major driving forces of scenario changes at the macro policy level. The first 
driver can reinforce the administrative fragmentation observed in the Rio de Janeiro metropolitan region, and it is 
related to a higher or lower level of efficiency in public investments in the metropolitan transport network. The second 
driver comprises the key variables for sustainable mobility, as described by item 2.1, and it has a direct effect on 
transport activity, demand, and travel patterns.  
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Fig. 3. Scenario matrix. 
5.1. Scenario 1: Business as Usual (BAU) 
The Business as Usual (BAU) scenario is a reference scenario that reflects the continuation of present trends and 
acts as the starting point for existing trends for the next 15 years. This scenario is considered the upper limit for urban 
mobility patterns in the future. The BAU scenario is based on the existing urban growth and car trip generation rates 
of all municipal regions. The rising negative BAU impacts are due to increases in motorisation rates, VKT, and the 
number of car trips, as well as the extent of dispersed transport demand. The conventional approach continues to 
extend road supply without attempting to constrain traffic growth; furthermore, public transit investment is low. Under 
these conditions, existing car ownership will rise from 364 to 480 cars per 1,000 people by 2030, and the number of 
car trips will increase by 30%. 
The BAU scenario assumes that half of the residential production tends to exist at increasing distances from the 
commercial city centre. The key urban development drivers for sustainable development (density, mix use, 
connectivity, and accessibility) will not be addressed. The urban area will expand 12.2% over natural areas by 2030, 
but the municipal urban density will stop decreasing. Urban sprawl continues to weaken the city centre and does not 
create economic conditions for using economic instruments for value capture. Most of the suburban residential 
developments are car-based superblock condominium designs, with a sparse network of streets; these developments 
discourage non-motorised travel and increase VKT and commute time. 
5.2. Scenario 2: dividing forces 
While following the existing population and real estate dynamics, this scenario attempts to orient urban growth 
based on key variables for sustainable mobility transit-oriented development (TOD) principles. This scenario is the 
first of the three that assumes that no urban expansion is acceptable. The aim is to increase urban density from 8,800 
to 10,000 people per km² by 2030. The ‘dividing forces’ scenario, following TOD principles, also assumes that two-
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thirds of the population growth will be targeted in the central area and the Oceânica region (expansion area); one-third 
is assumed to be dispersed in the other regions of the city. Still, the car trip generation rate of the future TOD 
households will change in the Oceânica region, becoming the same as in the Praias da Baía region. This scenario aims 
to create economic conditions that use value capture and market-based instruments to finance public transport access 
between the central area and the Oceânica region. 
This scenario reduces the expected increase in the number of car trips to 19% by 2030, with 32% generated from 
the central area; this would thus have less of an impact than BAU on commute time. However, most future trips still 
include the central area as their destination. The 2016 network investments will be at risk because the growth in 
transport activity is likely to offset infrastructure expansions, which will demand a new cycle of investments. 
5.3. Scenario 3: aiming for a polycentric urban form 
Under this scenario, following transit-oriented neighbourhood principles, two-thirds of the population growth will 
be targeted in the Oceânica region, and one-third is assumed to be dispersed in the other regions of the city. Following 
the existing trend of population growth in municipal expansion regions, this scenario represents an attempt to create a 
polycentric urban form by creating a new urban centrality. It assumes that the car trip generation rate of the future 
TOD households will change in the Oceânica region, becoming the same as in the Praias da Baía region. The objective 
is the same as in Scenario 2, i.e., to create economic conditions that use value capture and market-based instruments 
to finance public transport access between the central area and the Oceânica region. This region is an area of interest 
for the real estate market, mainly because the natural amenities (i.e., natural landscape and beaches) facilitate the 
application of value capture instruments for infrastructure investment. 
This scenario includes the expectation that the number of car trips will increase 20% by 2030, which is less than 
that of BAU, with improvements to the public transport services and network. However, the central area is still the 
destination for 70% of car trips. The reinforced commuting will demand more investments in the municipal network 
after 2016 because the increasing growth in transport activity will offset the infrastructure expansions. This scenario 
represents a polycentric urban form that is disconnected from the metropolitan structural network, which results in a 
lower level of metropolitan accessibility and a reinforcement of the current policy framework of metropolitan 
fragmentation. 
5.4. Scenario 4: towards city compaction 
This scenario represents a shift in the existing urban growth model. Following TOD principles, two-thirds of the 
population growth will be targeted in Niterói’s central area, and one-third is assumed to be dispersed in the other 
regions of the city. It assumes the existing car trip generation rates for all municipal regions. In contrast to Scenario 2 
and Scenario 3, the ‘towards city compaction’ scenario aims to redevelop Niterói’s central area to create economic 
conditions that use value capture and market-based instruments to finance public spaces and infrastructure 
improvements that embrace a compact and mixed-use city. The central area is within a ferry catchment area, which 
represents structural transport access through the metropolitan region; the urban area comprises gridded streets and 
land plotting in small and medium blocks that create dense networks with high non-motorised connectivity. 
Here, the expected number of car trips decreases to 18% by 2030, less than in Scenario 1 and Scenario 2, with 70% 
of these trips generated from the central area. The objectives are to maximise transport investments and reduce VKT 
and commute time by creating residential units in the region that has the greatest concentration of non-residential land 
uses. TOD principles are followed to reinforce the main urban centrality of the Metropolitan East Side, and public 
investments will be made to create urban quality; this scenario asserts that a public space upgrade is a highly effective 
method for improving a city’s functioning, identity, and sense of place. The scenario also shows a likely reduction in 
energy use per passenger (kilometre and tonnes) in response to potential modal shifts. However, this scenario 
introduces certain challenges that need to be addressed. 
For decades, several attempts to redevelop the central area have failed. To reach the ‘towards city compaction’ 
goals, a proactive plan is needed to move future transport demand towards the central area and reverse the population 
and economic decline. The effort aims to foster urban redevelopment in the region through a ‘performance-based 
zoning’ plan for several reasons (e.g., greater flexibility without needing to completely rezone the city, unlike 
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traditional zoning). The traditional Brazilian zoning approach is based on the modernist principle of separation of uses. 
In contrast to the congested industrial city, modernist urban planning sought to separate noxious uses. This principle 
led to the functional zoning master plan, with colour-coded zoning maps that indicated strictly residential, commercial, 
and industrial locations. The traditional zoning system attempted to order the city, but it has failed to redevelop 
Niterói’s central area. Indeed, the separation of uses contributes to wasteful sprawl development, loss of open space, 
heavy infrastructure costs, and reliance on automobiles. 
With ‘performance-based zoning’, the city hall chose a new pathway for a 3.2 km2 parcel, anchored by the ferry 
station, which is set for massive redevelopment. The redevelopment plan for Niterói’s central area represents the first 
‘Consortium for Urban Operation’ that has been undertaken by a medium-sized city in Brazil. It can be defined as a 
value capture instrument whereby financial resources will be sold (worth development air rights) to finance a bold 
scheme for infrastructure and amenities. Financially speaking, a developer gives an economic compensation to the 
public administration in return for new building rights (Sandroni, 2010). The long-term goals include residential 
provisions for 40,000 new inhabitants, including affordable homes, and 480,000 m2 for non-residential use. The 
redevelopment project comprises a waterfront renewal; additional space and higher priority for walking, cycling, and 
public transport; and decreased space for cars and parking, all of which intend to promote sustainable mobility, create 
value, and make the area attractive for residential use once again. Future buildings will have car-parking restrictions; 
offer secure bicycle storage; and have permeable and visually active frontage.  
6. Discussion and conclusion 
As in most medium and large cities in Brazil, the city of Niterói has experienced a rapid growth process with 
spontaneous urban growth, expanding quickly with declining population densities. Its urban density has decreased; 
specialised land use has created a commercial city centre and residential suburbs; and the car-based expansion model 
has reduced the connectivity between activities and diminished urban accessibility. In the transport field, the city is 
now experiencing problems related to traffic congestion, increased VKT, and increased commute times. The increasing 
level of motorisation and population growth has led to challenges that must be addressed, such as the effect of the 
higher level of car usage on environmental and city design. 
The current public transport network investments in Niterói can be seen as a passive response to the existing 
demand. The transport infrastructure responds to the actual demand, but it can be compromised depending on how the 
types of land usage shape the extent of the population growth. As shown in the scenario analysis, the ability to deliver 
land for potential development at the hub of the metropolitan transport network will be vital to the city’s future. The 
scenario analysis also shows that two types of investments are necessary: (1) remodelling public spaces as a value-
added measure to attract inhabitants to the central area by considering the trend associated with densification and (2) 
infrastructure investments to increase public transport supply in accordance with the existing suburban demand, 
considering transport modes that embrace sustainability. In the present case, the current public transport investments 
are an essential feature for shaping the city and addressing the existing demand. However, the key trends that drive 
future challenges still need to be considered to avoid a return to existing problems in the future due to the growth in 
transport activity. Transport demand cannot be considered an exogenous factor, and public policies have a high impact 
on the demand. In this context, the ‘Consortium for Urban Operation’ can be used as an important financing instrument 
for sustainable mobility projects. However, regarding the densification of a region, this scenario must embrace the 
critical drivers for sustainable development, notably, mixed use, connectivity and accessibility, regardless of the real 
estate’s immediate interests. To secure these visions, this paper recommends that future work quantify emissions 
mitigation and avail the capability of moving from the present scenario by adjusting the implementation strategy 
according to the results. 
Finally, a city’s design and layout strongly influence travel demand, so a proactive plan is crucial to end the ‘predict 
and provide’ spiral. Indeed, the ‘backcasting’ method was used as an alternative to traditional forecasting and planning 
to identify trend-break alternatives. The major advantages were the freedom to think about desirable futures in a 
creative way and the focused perspective on objectives, which can lead to innovative participation in the ‘the city that 
we want’. This approach provides more clear solutions than the problem-focused methods. It also addresses the 
potential trade-offs of different decisions. ‘Backcasting’ may increase potential solutions when combined with 
performance zoning instruments, particularly if land use and transport policies are integrated.  
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